Goals of work Despite advances in allogeneic hematopoietic stem cell transplantation (HSCT), post-transplant complications are common, and patients' symptom experience has not been well documented. Purpose To characterize the symptom experience of adult patients pre-transplantation and days 0, 30, and 100 after allogeneic HSCT. Methods Data from 76 participants enrolled in a prospective health-related quality of life (HRQL) study were used. Symptom occurrence, distress, and clusters were determined based on the 11 symptoms of the Symptom Distress Scale (SDS). Results Participants were on average 40 years old (SD± 13.5). The majority (54%) received reduced intensity conditioning. Prevalent symptoms included fatigue (68%) and worry (68%) at baseline, appetite change (88%) at day 0, and fatigue at days 30 (90%) and 100 (81%). Participants reported the following symptoms as severely distressing: worry (16%) [baseline], insomnia (32%) [day 0], appetite change (22%) [day 30], and fatigue (11%) [day 100]. The total SDS score was highest at day 0 (M=26.6±7.6) when the highest number of symptoms were reported [median= 8 (1-11)]. Symptoms formed clusters comprised of fatigue, appearance change, and worry at baseline, and fatigue, insomnia, and bowel changes at days 0 and 30. Compared to those with low symptom distress, participants with moderate/severe symptom distress reported poorer HRQL. Conclusion Allogeneic HSCT patients present for transplantation with low symptom distress yet experience multiple symptoms and high symptom distress after HSCT conditioning. Understanding the symptom experience of allogeneic HSCT patients can guide management strategies and improve HRQL.
Introduction
Allogeneic hematopoietic stem cell transplant (HSCT) is an intense and potentially curative treatment for many hematologic diseases. The treatment involves intensive radiotherapy and/or chemotherapy to achieve the immunosuppression necessary to permit subsequent engraftment of healthy hematopoietic stem cells from a related or unrelated donor. This preparative regimen together with the effects of acute and chronic graft versus host disease (GVHD) and the immunosuppressants used to limit GVHD is associated with a wide range of toxicities [1] [2] [3] . These include pancytopenia, infection, bleeding, mucositis, weight loss or weight gain, esophagitis, nausea, vomiting, diarrhea, anorexia, skin rash, graft failure, pain, mood disturbances, and changes in body image and appearance. The symptom experience, in combination with biobehavioral factors unique to the patient and family, can result in a range of responses to treatment, including anxiety, depression, hopelessness, functional morbidity, and even premature withdrawal from treatment and/or nonadherence [4, 5] . Reducing the burden of symptoms is therefore an important treatment goal. To this end, an understanding of the symptom experience to inform the development of interventions is essential.
The process of allogeneic HSCT can be divided into several phases. The conditioning or preparatory stage begins 7-10 days prior to the infusion of stem cells. During this phase, the patient receives intensive radiotherapy and/ or high dose chemotherapy. After the preparative regimen and stem cell infusion, patients are typically hospitalized for 2-4 weeks while they recover their blood counts and are closely monitored for infection and other acute complications such as GVHD. Once blood counts have recovered and acute toxicities resolved, patients are discharged to the local community, returning to the outpatient clinic at the transplant center two to three times per week for evaluation. During this time, patients and their caregivers are responsible for self-management of treatment side effects and a complex array of medications including immunosuppressants. If major complications are largely resolved, patients are able to return to their home community approximately 100 days after transplantation.
Few prior studies have examined the symptom experience in the early post-transplant period through the first 100 days of recovery. These studies have been composed of small mixed autologous and allogeneic samples and have reported only limited symptom data derived from healthrelated quality of life (HRQL) measures [6] [7] [8] [9] [10] [11] [12] [13] [14] . Moreover, there has been no systematic study of the symptom experience, including symptom clusters, in allogeneic HSCT recipients during the process of hospital discharge and transition to the community. An improved understanding of the symptom experience in allogeneic HSCT recipients through each of these important transitions is needed and would be valuable for planning interventions to reduce the burdensome consequences of uncontrolled symptoms.
A symptom may be defined as a subjective experience reflecting changes in the biopsychosocial functioning, sensations, or cognition of an individual [15] . The patient's experience of symptoms is multidimensional and includes physiologic sensations and interpretive processes through which patients make meaning of their symptoms and decide how to respond to them. Several authors suggest that dimensions of the symptom experience include symptom occurrence, frequency/duration, quality/intensity, interference with function, distress, and bother [15] [16] [17] [18] [19] [20] [21] .
Although research has often focused on single symptoms, it is also recognized that several symptoms may be experienced concurrently. The simultaneous occurrence of symptoms, termed symptom clusters, may have a deleterious effect on health outcomes such as functional status and quality of life [22] [23] [24] [25] . Symptom cluster work is still in a preliminary stage of conceptual and methodological development and consensus on the precise definition of a symptom cluster and the optimal statistical methods for identifying symptom clusters has not been reached. Dodd et al. [24] have defined a symptom cluster as three or more concurrent symptoms (e.g. pain, insomnia, and fatigue) that are related to each other. To date, studies have explored the identification of symptom clusters in patients with lung cancer, breast cancer, and mixed solid tumors [25] [26] [27] [28] [29] . Efforts to strengthen the definition of a symptom cluster and to develop more sophisticated analytic strategies to identify clusters and explore their impact on health outcomes is ongoing [22, 25, [30] [31] [32] [33] .
The aim of this study was to examine the symptom experience of adult patients at four time points during early recovery following allogeneic HSCT. The study was guided by the following research questions. At baseline and days 0, 30, and 100 following allogeneic HSCT: (1) What symptoms are most prevalent? (2) What symptoms are most distressing? (3) What symptoms form the most prevalent symptom cluster? (4) What is the relationship between symptom distress and selected demographic and clinical characteristics? We also explored the association of symptom distress with HRQL at 30 and 100 days following allogeneic HSCT.
Materials and methods

Design and participants
This study used data collected as part of a prospective, longitudinal study of HRQL in adult patients with hematologic disorders undergoing their first allogeneic HSCT from a histocompatible leukocyte antigen-identical family donor. The study was conducted at the National Institutes of Health Clinical Center between October 1999 and September 2002. After institutional review board approval, data were gathered from patients who were literate in English or Spanish. Study procedures were completed in the patient's primary language.
Symptom Distress Scale (SDS) and Medical Outcomes Short Form 36 Health Survey (SF-36 version 1) data were gathered at the following four time points pre-transplant and during the early transplant recovery period: (1) baseline (before transplant conditioning commenced) and (2) days 0, 30, and 100 after allogeneic HSCT. Of the 78 participants who completed baseline questionnaires, two participants withdrew prior to day 30 owing to language difficulties and were excluded from the analysis. Therefore, 76 participants comprised the sample for this analysis. Patient acuity and death occurring across the study period accounted for the attrition pattern. This attrition pattern reflects the treatment intensity of allogeneic HSCT and has been previously reported together with the primary findings of this study [34] .
Measures
Symptom experience
The SDS was used to capture symptom occurrence and symptom distress and to provide data for symptom cluster analysis. The SDS is a 13-item self-report questionnaire designed to measure the degree of distress associated with the following 11 symptoms: nausea, appetite change, insomnia, pain, fatigue, bowel changes, concentration, appearance, worry (outlook), breathing, and cough [35] . For each symptom, participants rate "how they have been feeling lately" on a Likert scale with 1 indicating no problem with the symptom and 5 indicating the maximum amount of problem. For two of the symptoms, pain and nausea, participants also rate the frequency with which they experience these symptoms.
Symptom occurrence was defined in terms of symptom prevalence and symptom count. Symptom prevalence was defined by a participants' rating of ≥2 for any of the 11 symptoms on the SDS. Therefore, the symptom was considered as present for participants who rated a symptom as 2. To characterize the occurrence of multiple symptoms, a symptom count score was derived from the total number of symptoms indicated by each participant as present.
Symptom distress was defined by participant rating of the degree of distress for each SDS symptom and total SDS score. The degree of distress associated with each symptom on the SDS was indicated as mild (item score of 2), moderate (item score of 3), or severe (item score of 4 or 5). A total symptom distress score was derived from the SDS by summing participants' ratings of the 13 symptom items. The total SDS score range from 13 to 65, with higher scores indicating a greater degree of distress. Clinical interpretive guidelines, as described by the author of the measure, suggest that a total SDS score of less than 25 indicates low symptom distress, 25 to 32 indicates moderate distress, and 33 and above indicates severe distress [35] . As a measure of overall symptom distress, the SDS has demonstrated evidence of reliability and validity in a wide variety of patients with cancer including those with hematological diseases, patients with other chronic illnesses [35] , and Spanish-speaking study samples [14, [35] [36] [37] [38] [39] .
A symptom cluster was defined as the simultaneous occurrence of at least three of the 11 symptoms as measured by the SDS. Symptoms were considered to form a cluster if they were at least moderately (r s >0.30) and significantly (p<0.01) related to one another and simultaneously were independent of other SDS symptom(s) (r s <0.30).
Health-related quality of life
The physical component (PCS) and mental component (MCS) summary scores of the SF-36 served as measures of HRQL. The SF-36 is a generic health profile instrument that assesses the most important health concepts relevant to an individual's functioning and well-being [40] . The 36 items on the SF-36 are divided into eight multi-item subscales that evaluate the following different dimensions of health: physical function, role-physical, role-emotional, social functioning, bodily pain, mental health, vitality, and general health perceptions.
Using normed-based scoring methods, the PCS and MCS are derived by weighting each subscale score with the appropriate physical or mental factor score coefficients from the 1998 United States general population (GP) and then aggregating the weighted scores across subscales [41] . PCS and MCS scores above 50 are interpreted as above the mean of the GP. A higher PCS represents minimal to no physical limitations, bodily pain, and role activities due to physical health and favorable evaluations of health [41] . A higher MCS suggests a more positive affect with minimal to no psychological distress or limitations in social/role activities due to emotional problems and high energy levels.
The psychometric properties of the SF-36 have been evaluated extensively and support its reliability and validity as a measure of functional health and well-being in patients with chronic illness including cancer [41] and those undergoing allogeneic HCST [34] . The SF-36 is acceptable to Spanish-speaking populations and has demonstrated strong psychometric properties in international clinical trials [42, 43] .
Analysis
Univariate descriptive analyses were applied to delineate a demographic and clinical profile of participants and characterize their symptom experience as derived from the SDS at each time point. The symptom reported by the highest percentage of participants was considered the most prevalent. The symptom rated by the highest percentage of participants as severe (item score 4 or 5) was identified as most distressing. In addition, the total number of symptoms (symptom count) and a total SDS score were calculated. Symptom clusters were identified by examining Spearman rho correlation coefficients between each of the 11 SDS symptoms at each time point. As previously defined, a symptom cluster formed when at least three symptoms were at least moderately (r s >0.30) and significantly (p<0.01) related to one another and simultaneously independent of other symptom(s) (r s <0.30). The symptom cluster reported by the highest percentage of participants was considered the most prevalent. SDS interpretive guidelines [35] were used to create the following clinically meaningful symptom distress groups: low (SDS total score <25) and moderate/severe (SDS total score ≥25). Relationships between symptom distress groups and selected baseline demographic and clinical characteristics (age, gender, marital status, education level, conditioning intensity, and disease status) and HRQL outcomes (PCS and MCS) were examined using Student t tests or chisquare analyses. The level of significance was set at a twosided α=0.05.
Results
The demographic and clinical characteristics of the sample at baseline (N=76) are presented in Table 1 . Participants were primarily male (67%) with a median age of 37.5 years (range 18-71 years). Forty-one (54%) participants received reduced intensity conditioning (RIC), and 35 (46%) participants received myeloablative conditioning (MC) prior to allogeneic HSCT.
Symptom experience
Symptom prevalence reported by the participants at each time point is shown in Figs. 1 through 4 . Across study points, fatigue, worry, and appetite change were the most prevalent. At baseline, fatigue and worry were equally prevalent in 50 (68%) participants. At day 0, appetite change was reported by 64 (88%) participants followed by fatigue and insomnia equally prevalent in 63 (86%) participants. Fatigue was reported at both days 30 and 100, by 60 (90%) and 46 (81%) participants, respectively. Trouble breathing was the least prevalent symptom (present in 14% to 22% of participants) across study time points. Participants reported the greatest number of symptoms at day 0 [median=8 (1-11)] and day 30 [median=7 (0-11)]. By day 100, the number of symptoms was identical to baseline [median=5 (0-11)].
The symptoms reported as most distressing varied across study time points (Figs. 1, 2, 3 and 4) . At baseline, 12 (16%) participants reported worry as the most distressing symptom. On day 0, 23 participants (32%) reported insomnia as most distressing, while at day 30, appetite change was most distressing (n=15; 22%). Days 0 and 30 were also associated with the highest total SDS mean score (M=26.6±7.6 and M=24.9±7.3, respectively). At day 100, six (11%) participants reported fatigue as the most distressing symptom. The total SDS mean scores at baseline and day 100 were comparable (M=21.2±5.9 and M=21.6±6.2, respectively).
Symptom clusters were identified at baseline and days 0 and 30 (Fig. 5) . No symptom cluster was found at day 100. At baseline, the most prevalent symptom cluster consisted of fatigue, worry, and appearance (n=30; 41%). At days 0 and 30, the most prevalent symptom cluster was identical and consisted of insomnia, bowel change, and fatigue (n=46, 63%; n=34, 51%, respectively). The demographic and clinical characteristics of participants who reported experiencing the three symptoms that defined the most prevalent symptom clusters are contrasted in Table 2 with those participants who did not report the most prevalent symptom cluster. Participants experiencing the symptom cluster at each time point consistently reported a higher total SDS mean score and greater total number of symptoms compared with those who did not experience the most prevalent cluster.
Relationships with symptom distress groups Across study time points, few significant relationships existed between demographic and clinical characteristics and symptom distress groups (Table 3) . At baseline, participants who reported moderate/severe symptom distress were more likely to be preparing to receive a reduced intensity conditioning regimen as compared to participants reporting low symptom distress who were more likely to be preparing for a myeloablative conditioning regimen (X 2 (1, n=74)=7.51, p=0.006). At day 0, those reporting moderate/severe symptom distress were significantly younger than those participants who reported low symptom distress (t(71)=2.02, p=0.047). At day 30, participants reporting moderate/severe symptom distress were comparable relative to baseline disease risk status, whereas those reporting low symptom distress were more likely to have been in remission or have had stable disease at the time of allogeneic HSCT (X 2 (1, n=67)=4.32 (1), p=0.038). The PCS and MCS mean scores at days 30 and 100 for both symptom distress groups were consistently below the 1998 GP norms except for participants with low symptom distress at day 100 (Table 4 ). At days 30 and 100, participants with moderate/severe symptom distress reported significantly lower PCS (t=3.88 (65), p<0.001 versus t=2.71 (55), p=0.009) and MCS (t=2.09 (65), p= 0.04 versus t=2.64 (55), p=0.011) mean scores compared to participants with low symptom distress.
Discussion
Although patients who have undergone an allogeneic HSCT may have a challenging year of recovery [44] , data suggest that their symptom distress and quality of life returns to baseline values [34, 45, 46] . This first year of recovery represents an opportunity for the healthcare team to improve the clinical care of patients undergoing allogeneic HSCT by helping them anticipate their symptom experience and employ management strategies designed to diminish consequences of burdensome symptoms. This study focused explicitly on symptom experience during the early post-transplant period in patients undergoing allogeneic HSCT, many of whom received reduced intensity conditioning. The results of this study indicate allogeneic HSCT patients present with low symptom distress yet experience multiple symptoms and high symptom distress at days 0 and 30 after transplant conditioning. By day 100, when patients are preparing to return to their home community, the experience is characterized by few symptoms and a low level of distress. Although this improvement is notable, a subset of patients continue to experience a high level of symptom distress that was associated with an inferior quality of life.
The results of this study support previous research that suggests that in patients preparing for allogeneic HSCT, overall, the symptom burden is generally low (few symptoms, low symptom distress) [4, 7, 9, 10, 47] , while emotional distress is prominent [4, 6, 7, 48] . A high level of worry was the most prevalent and distressing symptom reported by participants in this study prior to allogeneic HSCT, and at least half of the participants reported worry as a concern during the early transplant period. The emotional distress reported by allogeneic HSCT patients is higher than that of a normative sample [46] and has been associated with various negative consequences [4, [49] [50] [51] [52] . Little is known about the factors contributing to emotional distress in patients following transplant. A recent study, however, suggests that decrements in cognitive function are associated with emotional distress and fatigue [53] and the extent to which such decrements contribute to the experience of worry deserves exploration in this patient population. Therefore, despite suggestions that emotional distress should be considered the "sixth vital sign" [54] and evidence that screening for distress is feasible in HSCT patients [4] , measures for the clinical evaluation of emotional distress have received only limited study in this population [4, 55] . Poor sleep quality [7, 9, 10] and fatigue [7, 9, 13, 56 ] also contribute substantially to the symptom experience of patients during their allogeneic HSCT trajectory, particularly during early recovery. In support of previous studies, both fatigue and insomnia were widely prevalent across all time points with over one-third of participants experiencing moderate or severe levels of distress with these two symptoms at days 0 and 30. Poor sleep quality can result from frequent awakenings and from the administration of medications that interfere with sleep quality and cause disruption to usual sleep patterns [57] [58] [59] . In addition, delirium, which is characterized by sleep-wake cycle disturbances, may contribute to higher levels of fatigue in patients undergoing autologous and allogeneic HSCT [60] . Although a recent review concludes that a strong interrelationship may exist between cancer-related fatigue and sleep disorders [61] , the prevalence and correlates of fatigue and poor sleep quality in patients undergoing HSCT have not been systematically examined, and such studies are fundamental to the development of effective interventions to improve these symptoms. The multifactorial etiology of fatigue [62, 63] underscores the importance of tailoring interventions for fatigue according to the phase of recovery. Further research is also needed to evaluate in HSCT recipients the effectiveness of fatigue interventions shown to have efficacy in other patient populations [64] .
Consistent with prior studies [7, 9, 10] , participants in our sample reported the highest level of symptom occurrence and symptom distress immediately following the conditioning regimen. In addition to high levels of fatigue and insomnia, the symptom experience during this phase reflects gastrointestinal (GI) toxicities characteristic of the early post-transplant period including nausea [7, 9, 13] , anorexia [7, 9, 13, 56] , xerostomia [7, 13] , taste changes [7] , and diarrhea [7, 9, 10] . Although well described, GI complications have been reported as the most debilitating side effect of HSCT [65] , in some cases delaying hospital discharge [66, 67] and contributing to hospital readmission following HSCT [68] . In addition, the relationship between poor nutritional status and clinical outcomes such as fever [69] and GVHD severity [70] are being explored. Various management strategies exist [71] , however, the findings of this study support a conclusion that more research is needed to reduce the burden of gastrointestinal symptoms in allogeneic HSCT patients and understand the impact on clinical outcomes such as functional status, nutritional status, and length of stay. It is plausible that had more comprehensive symptom measures been selected and applied in this population [60, [72] [73] [74] , additional symptoms, other than those reported in this study, may have emerged as prevalent. As a secondary analysis, this study was constrained by the use of an instrument that evaluates only two aspects of the symptom experience: symptom occurrence and symptom distress. Other important dimensions such as frequency/duration, quality/intensity, or interference with function could not be examined.
Clinical and demographic predictors of patients who are likely to experience higher levels of symptom distress during allogeneic HSCT are not consistent at each time point during early recovery. In this study, participants preparing to undergo reduced intensity conditioning, those who are younger and those with progressive disease at baseline, reported higher levels of symptom distress at varying time points following allogeneic HSCT. These patient characteristics may be used to identify transplant recipients who may derive particular benefit from systematic assessment of the symptom experience and the provision of tailored interventions. Inconsistent associations between demographic and clinical variables and symptom distress have also been documented in older women with cancer [75] and in those undergoing reduced intensity conditioning [14] . Though little is known about the risk factors for symptom distress across the transplant recovery period, a study by Prieto et al. [12] noted that older age and (76) 18 (24) 31 (42) 42 (58) 38 (57) (55) 3 (16) 12 (39) 22 (52) 16 (42) 14 (48) RIC 26 (46) 15 (83) 19 (61) 20 (48) 22 (58) 15 (52) (70) 10 (55) 21 (68) 28 (66) 30 (79) 16 (55) Progressive 17 (30) 8 (44) 10 (32) 14 (33) 8 (21) 13 (45) high levels of symptom distress at the time of the stem cell infusion were associated with higher levels of distressing symptoms at the time of hospital discharge. Further research is needed to expand our understanding of factors that influence the level of symptom distress following allogeneic HSCT and those that might mediate the relationship with clinical and demographic variables such as psychosocial characteristics or comorbidities. Approximately 3 months (day 100) following allogeneic HSCT, patients experience a turning point towards the chronic phase of transplant recovery and prepare to transition from the transplant center to their home community. The symptom experience at this time corresponds to the improvement of treatment related toxicities and physical recovery that have been documented in previous studies [4, 47] . This is the first study to describe the occurrence of symptom clusters in allogeneic HSCT recipients. The identification of a cluster comprised of fatigue, worry, and appearance change prior to transplant has not been previously described. Recent studies reveal that fear of disease relapse [76] , poor body image [77] , and psychological distress [78] predict higher levels of fatigue in cancer survivors. However, a more complete description of the prevalence and correlates of this three symptom clusters in patients preparing for allogeneic HSCT is indicated. Our observation that fatigue, insomnia, and bowel changes cooccur at days 0 and 30 also require more evaluation to confirm one or more unifying etiologies. Several other reports describe gastrointestinal symptoms, together with fatigue, and sleep disturbance in the early post-transplant period [9] . The effects of the pre-transplant conditioning regimen together with the nadir of blood counts, deconditioning, sedating medications, and other physiologic and psychological events [60, 69] in the early posttransplant period may account for this clustering and have been described in mixed allogeneic and autologous recipient populations [72] . However, by day 30, acute GVHD surfaces as an additional explanatory factor for the continued presence of this specific cluster [79] .
Acute GVHD produces multiple gastrointestinal symptoms, including diarrhea, and is accompanied by plasma cytokine aberrations [69, 80, 81] that are associated with both fatigue and sleep disturbance [82, 83] . Moreover, acute GVHD is typically managed with high doses of corticosteroids [84] , which alone and together with highvolume diarrhea can disrupt sleep patterns. The extent of symptom distress that occurs at day 30 when fatigue, insomnia, and bowel changes co-occur underscores the need for interventions to address the specific symptoms in this cluster and to explore the consequences of these symptoms including functional decline, fluid and electrolyte imbalances, nutritional compromise, and infection.
Our small sample size precluded the use of more advanced statistical techniques to delineate symptom clusters. Nonetheless, the systematic method applied did allow for the identification of multiple symptom clusters. Of these, we chose to emphasize the most prevalent cluster at each time point in an effort to better address the clinical relevance of the related symptoms. In general, methods to analyze symptom clusters continue to evolve with a focus on large samples. However, consideration of how the method applied in this study might benefit studies with small sample sizes is warranted in future symptom cluster research.
The evidence base supporting our understanding of the symptom experience for recipients of allogeneic HSCT is still developing, and little is known about the symptom experience of patients as they continue their recovery and self-management at a distance from the transplant center. Our results suggest that symptom distress persists through day 100 following HSCT and underscore the urgent need to improve our understanding of the symptom experience and its consequences in this population particularly as it relates to symptoms such as worry, sleep disturbance, fatigue, and gastrointestinal complications. The development and testing of symptom management interventions remain underdeveloped components of the evidence base that supports the care of patients undergoing HSCT. Higher levels of symptoms distress have been predictive of higher levels of symptom distress during recovery [4] , poor quality of life [13] , poor general health [47] , greater emotional distress [8] , and overall mortality [85] . Since higher levels of symptom distress have deleterious consequences for the process of psychological and physical recovery from HSCT, advances in the management of symptom distress in the patient during and following allogeneic HSCT represent a significant opportunity to improve clinical outcomes and reduce suffering for this patient population.
